Ba(Zr 0.1 Ce 0.7 Y 0.2 )O 3-δ nano-particles were prepared by different wet-chemical synthesis, Pechini (BZCY(P)) and co-precipitation (BZCY(C)), respectively. The BZCY(C) powders have a particle size in range of about 50~150 nm, which is smaller than the BZCY(P) powders with about 500~900 nm. Both the BZCY materials show perovskite structures, but there are impurities in the BZCY (P). Moreover, the electrolyte density was higher in the BZCY (C) than the BZCY (P). The single cells with BZCY (C) electrolytes exhibited about 0.23 W cm -2 at 600 °C and about 0.31 W cm -2 at the same temperature were obtained when the anode-functional layer was introduced between the anode and electrolyte. Thus, the BZCY prepared by carbonate-derived co-precipitation method can be more favorable for high-purity and dense electrolytes in the solid oxide fuel cells than the BZCY prepared by Pechini method.
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Introduction
Solid oxide fuel cells (SOFCs) have attracted much attention worldwide as a stationary power generation system due to their high-energy efficiency and low environmental impact [1] [2] [3] [4] . However, the high operating temperature (800~1000 o C) leads to increase in maintenance cost and system degradation [5] . One approach to lowering the SOFCs operation temperature is to use proton conductors instead of the conventional oxygen-ion conductors as an electrolyte material because of their high ionic conductivities and low activation energy for proton conduction [6] [7] [8] [9] [10] .
Iwahara et al. reported that several perovskite-type oxides such as BaCeO 3 , SrCeO 3 , SrZrO 3 and BaZrO 3 show a good proton conductivity of 10 -2~ 10 -3 Scm -1 at a temperature range of 600~ 1000 o C [11] [12] [13] . However, the BaCeO 3 and SrCeO 3 have poor chemical stability in acidic gases such as CO 2 and SO 2 or moisture [7, 14] . The SrZrO 3 shows a fast-protonic conductivity and enhanced chemical and thermal stability over a wide range of operating conditions [16] .
There have been many preparation methods for BZCY nano-powders such as modified citrate method and modified co-pressing method. [17, 18] Zhiwen et al reported the uniform fine NiO-BZCY composite powders were prepared by co-synthesis method, and the membrane thickness was about 30 µm. However, after two-step sintering in air and 5%H 2 /Ar, a dense and crack-free Ni-BZCY asymmetric membrane was obtained with a thickness of ∼ 30 μm. Moreover, Lei et al reported a modified co-pressing process to fabricate anodesupported dense and uniform Ba(Zr 0.1 Ce 0.7 Y 0.2 )O 3−δ (BZCY) electrolyte films (∼20 μm thick).
However, the technique is very important to control thermal expansion coefficients between anodes and electrolytes.
In this study, nano-sized BZCY powders were prepared by different synthesis methods, Pechini and co-precipitation. The physical and electrochemical characteristics were compared, and then used for the electrolytes of the solid oxide fuel cells. Moreover, the anode functional layer was introduced to enhance the interfacial properties between electrodes and electrolytes.
We expected that the functional layer with nanocomposite powders of NiO/BZCY and fine BZCY(C) would minimize the mismatch between the electrolyte and the anode supports. The objective of the present work was to examine the total resistance and cell performance of the single cell fabricated by using the two-types BZCY nano-powders and nano-composite anode functional layers.
Experimental

Synthesis
The Ba(Zr 0.1 Ce 0.7 Y 0.2 )O 3-δ powder was prepared by using Pechini method (BZCY(P)). The BZCY powders (BZCY(C)) were synthesized by the co-precipitation method using a basic solution [19] . Ammonium carbonate ((NH 4 ) 2 CO 3 , Aldrich, 99%) was used as the coprecipitation medium. Stoichiometric amounts of nitrate salt were dissolved in distilled water, and then dropped into an ammonium carbonate solution with vigorous stirring to complete precipitation. After that, the suspension was stirred for 2 h and aged for 6 h. Then precipitate was washed several times with distilled water and ethanol. Finally, the precipitate was dried at 100 °C for 24 h and calcined at 1000 °C for 3 h.
The 
Fabrication of the single cell
The anode substrates with a 36-mm diameter were prepared by pressing the NiO-BZCY (6:4 for weight ratio) powder with 10 wt.% carbon blacks (Columbian Chemical, USA) as a pore former at 500 MPa. The substrates were pre-sintered at 1200°C for 3h in air to produce the anode supports. The BZCY electrolytes were coated by dip-coating method. The BZCY slurries were prepared using BZCY(P) and BZCY(C) powders, respectively. The NiO/BZCY-BZCY(C) anode functional layer (AFL) was deposited between the anode support and the electrolyte layer. The anode support coated with the nanocomposite slurry was sintered at 1200 °C for 3 h. Then, the BZCY(C) electrolyte layer was coated on the NiO/BZCY/NiO-BZCY-BZCY(C) AFL. The specific cell configurations are shown in 
Characterizations and Single cell tests
The crystalline phases of the prepared BZCY and NiO/BZCY-BZCY(C) powders were detected by X-ray diffraction (XRD) spectroscopy (Rigaku, Miniflex). A field emission scanning electron microscope (FE-SEM, LEO SUPRA 55) was used to observe the microstructure, and energy-disperse X-ray spectroscopy (EDX, GENESIS 2000) was used to observe the diffusion of Ni ions from the anode supports to the BZCY electrolyte.
The cell performances were evaluated at various temperatures (600~800 °C) by feeding Figure 1 shows the X-ray diffraction (XRD) patterns of the Ba(Zr 0.1 Ce 0.7 Y 0.2 )O 3-δ powders synthesized by Pechini and co-precipitation methods. The XRD patterns of the BZCY powders were assigned to a simple cubic perovskite structure. There were no secondary phases in the BZCY(C) powders (Fig. 1 Figure 2 shows the SEM images of the BZCY(C) and BZCY(P) powders calcined at 1000 °C for 3 h in air. The BZCY(C) powders were relatively smaller and more uniform than the BZCY(P) powders in a particle size. As shown in Figure 3 , the average particle size of the BZCY(C) powders was about 50~ 150 nm, while the BZCY(P) powders had a particle size of about 500~ 900 nm. Figure 4 shows the pore size distributions and hydrogen permeability of both the BZCY (C) and BZCY (P) electrolytes. The BZCY(P) electrolytes were still porous with 0.189 m 2 g -1 of pore area and 9.4771 % of porosity even after sintered at 1450 °C for 3 h. However, the pore sizes were close to zero with negligible total pore area and porosity in the BZCY (C)
Results and discussion
electrolytes. This indicates that the BZCY(P) electrolytes have a poorer sinterability than the BZCY(C) electrolytes at 1450 °C. The reason for this may be larger particle size of the
BZCY (P) than the BZCY (C). To provide further comparison of the sinterability between
BZCY(C) and BZCY(P) electrolytes, the hydrogen permeability of the electrolytes was measured at room temperature. The corresponding results are shown in Figure 4 . The BZCY(P) electrolyte showed 10 -6~1 0 -7 mol m -2 s -1 Pa -1 of hydrogen permeability, while the BZCY(C) electrolyte had ~10 -9 mol m -2 s -1 Pa -1 of hydrogen permeability. It suggests that the co-precipitation method is more suitable to obtain dense impermeable BZCY films. Figure 5 shows the cross-section of the cells with nickel line scanning by EDX. Figure 5 (a) implies that the nickel ions in the anodes may diffuse into the interface between the cathode and electrolytes. The nickel seems to have penetrated through the grain boundary and the pores of the electrolyte to the cathode layer during the sintering in high temperature [23] [24] [25] [26] .
The nickel ions in the interfaces between the electrolytes and cathodes may be transformed into NiO with oxygen ions, and interfere the transfer of protons through grain boundaries. On the other hand, there were no traces of Ni ions in the interfaces between the BZCY (C) electrolytes and cathodes. Thus, we selected the BZCY (C) electrolytes and the NiO/BZCY-BZCY(C) nano-composite AFL was introduced to further enhance the cell performances as shown in Figure 5 (C). It is also expected that the AFL could contribute to minimizing the interfacial resistance and mismatch between the porous anode support and the dense electrolyte in the single cells. [19] All electrolytes were about 25-30 µm, and the AFL was about 10 m in a thickness. Figure 6 shows the I-V curves and power densities on the cells with different configurations.
As shown in Figure 6 The results suggest that the BZCY electrolytes prepared by co-precipitation were more suitable for low-temperature solid oxide fuel cells, and the introduction of the AFL can improve the cell performances.
Conclusions
The dense electrolyte with a porosity of 0.001% was obtained from the BZCY (C) nanopowders, which prevented gas crossover for the BZCY-based single cell. However, the BZCY (P) showed porous electrolytes and secondary phases in the XRD patterns. These had negative impact on the cell performances. The cell performances were higher in the following order of the cells: BZCY (P), BZCY (C), and nano-composite anode functional layer/BZCY (C). The AFL decreased the electrode resistances, which is due to formation of wellconnected interfaces. We expect that nano-sized BZCY (C) powders would contribute to enhancements in the SOFC performances, and the nano-composite AFL can be effective in reducing electrode resistances at low-temperatures. 
